ELECTRICAL CABLE ASSEMBLY 

Field of the Invention 

The present invention relates to an electrical cable assembly having a cable with 
electrical connectors fixed on both ends of the cable wherein the connectors include 
electrical contacts and a housing storing the electrical contacts, and the housings have 
interchangeable mating surfaces. 
Background of the Invention 

In recent years, liquid crystal display (LCD) panels have become widely accepted 
as display panels for use with personal computers (PCs), and other applications. An LCD 
differs from a CRT (cathode-ray tube) monitor, which receives an analog signal from the 
main unit of a PC and performs processing according to the analog signal. In an LCD 
panel, even a digital signal can be supplied from the main unit of a PC to the LCD panel, 
and processing can be accomplished according to the digital signal. In anticipation of 
liquid crystal display panels becoming predominant as display panels used for PCs in the 
future, a standard criterion on connection between a PC and a liquid crystal display panel 
is defined. The criterion is called DVI (Digital Visual Interface) standard, which is 
proposed by an organization called the DDWG (Digital Display Working Group). 

Fig. 1 is a diagram showing a mating surface of an electrical connector which is 
compliant with the DVI standard. Fig. 1 shows the mating surface of a plug type electrical 
connector 1 provided on the cable assembly side. 

As shown in Fig. 1, electrical contacts 2 are regularly arranged in three rows on the 
mating surface. A contact 3 for grounding is additionally provided beside the electrical 
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contacts 2 arranged in three rows. The contact 3 mates with the contact of a mating 
electrical connector of a receptacle type. When all the electrical contacts arranged in three 
rows are mated, electrical conduction is produced. The plug-type electrical connectors 1 
having such mating surfaces 4 are fixed on both ends of a cable. One of the fixed 
electrical connectors is mated to a receptacle-type electrical connector on the main unit of 
a PC, the other is mated to a receptacle-type electrical connector on a liquid crystal display 
panel, and thus the PC and the liquid crystal display panel are electrically connected to 
each other. 

In the DVI standard, a technique of transmitting a differential signal is used to 
improve the quality of a transmitted signal when communications are carried out between 
a PC and a liquid crystal display panel. The electrical contacts 2 in the housing that form 
the mating surface 4 of Fig. 1 are paired and transmit a single differential signal. Thus, a 
large number of electrical contacts 2 are provided. Further, even the use of a differential 
signal may cause noise in a transmission path and a dot error or a pixel error in an image 
displayed on a liquid crystal display panel. In U.S. Patent No. 5,766,027, an equalizer 
circuit disposed in an electrical connector is proposed to remove the influence of the jitter. 

In recent years liquid crystal display panels have also been frequently used with 
television receivers. The television receivers are used to transfer image data having been 
received by a tuner to a display and provide a display of an image according to the image 
data. Further, plasma display panels (hereinafter, referred to as PDPs) have become 
available for in-home use as a substitute for liquid crystal display panels. In many cases 
these liquid crystal display panels and panel-type display panels such as a PDP have a 
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tuner or a set top box (hereinafter, referred to as a "host side") which is disposed 
separately from the display. A high-quality image can be expected by using the cable 
assembly to connect the host side and the plasma display. 

However, the cable assembly described in U.S. Patent No. 5,766,027 is premised 
on communications between a computer such as a server and a storage device. Thus, an 
equalizer is provided in each electrical connector. In the case of unilateral transmission 
from the host side to the PDP, however, one of the electrical connectors does not require 
an equalizer. Hence, the cable assembly of U.S. Patent No. 5,766,027 provides of an 
unnecessary equalizer on one of the connectors, which may cause a malfunction. 
Additionally, when an equalizer is provided even though the equalizer is not necessary, 
the assembly may become expensive. For this reason, there is a move to define a standard 
on connection between a PDP and a host side in addition to the DVI standard. The 
standard is called HDMI (High Definition Multimedia Interface) standard, which 
additionally defines connection between a host side and a PDP based on the DVI standard. 

Fig. 2 is a diagram showing the mating surface of a receptacle-type electrical 
connector. Fig. 3 is a diagram showing the mating surface of a plug-type electrical 
connector. As shown in Figs. 2 and 3, approximately 19 electrical contacts are provided 
in this example. Figs. 2 and 3 show electrical contacts No. 1, No. 2, No. 18, and No. 19 
disposed on ends. When the receptacle-type electrical connector of Fig. 2 and the plug- 
type electrical connector of Fig. 3 are mated to each other via the mating surfaces, the 
corresponding contacts come into contact with each other and produce electrical 
conduction. In these electrical connectors, a signal transmitted in response to a differential 
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signal is handled by two electrical contacts. A single image signal is transmitted by the 
two electrical contacts as the DVI standard. 

For connecting a PDP with a host, plug-type connectors are conventionally used as 
electrical connectors fixed on both ends of a cable assembly and receptacle-type 1 
connectors are provided on a PDP and a host side. Hence, the electrical connectors fixed 
on both ends of the cable assembly are plug-type connectors with similar mating surfaces. 
Thus, an ordinary user may mistakenly connect the electrical connector having the 
equalizer to a tuner. Such incorrect connection made by an ordinary user interferes with 
the functions of the equalizer to be operated on the PDP, frequently causing noise on an 
image of the PDP. 
Summary of the Invention 

The present invention has been made in view of the above circumstances and 
provides an electrical cable assembly which is inexpensive and prevents the user from 
making an improper connection between devices. 

An electrical cable assembly attaining the above object according to the present 
invention has a cable, electrical connectors which are fixed on both ends of the cable and 
include electrical contacts and a housings storing the electrical contacts, the housings 
having interchangeable mating surfaces. Only one of the electrical connectors has an 
equalizer circuit, and at least one of the electrical connectors has a visual indicator 
different from that of the other electrical connector. 

According to the electrical cable assembly of the present invention, a connected 
side is specified by the visual indicator, thereby preventing the user from making incorrect 
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connection. When the present invention is applied to the cable assembly connecting a 
PDP and a tuner, one of the electrical connectors that is connected to the PDP is visually 
recognized due to the visual indicator, preventing the user from making incorrect 
connection. The visual indicator includes, for example, a method of differentiating with 
the sizes between one electrical connector and the other electrical connector. In this case, 
the visual indicator can be provided by changing the size of the cover housing of the other 
electrical connector. Thus, both of the electrical connectors have visual indicators, 
permitting the user to visually recognize the size difference as the visual indicator and 
correctly make connection. The visual indicator only based on the size of the cover 
housing does not require additional members for preventing an incorrect recognition, 
reducing the cost. 

Further, when the visual indicator is a color of the cover housing storing the 
electrical connector and the equalizer circuit, the effect is enhanced. With the visual 
indicator of a different color of the cover housing, considering that the user always 
visually recognizes the cover housing when connecting the cable assembly to the PDP and 
the tuner, the different color of the cover housing permits the user to confirm whether the 
cable assembly should be connected to the PDP or the tuner when making connection. 
Thus, there is a quite high probability that incorrect connection is prevented. 

As described above, the cable assembly of the present invention makes it possible 
to provide a cable assembly which is inexpensive, is compliant with standards such as 
DVI and HDMI, and allows the user to readily connect the tuner and the PDP. 
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Brief Description of the Drawings 

Preferred embodiments of the present invention will be described in detail based on 
the following figures, wherein: 

Fig. 1 is a diagram showing a mating surface of an electrical connector (plug type) 
which is compliant with DVI standard; 

Fig. 2 is a diagram showing a mating surface of an electrical connector (receptacle 
type) which is compliant with HDMI standard; 

Fig. 3 is a diagram showing a mating surface of an electrical connector (plug type) 
which is compliant with HDMI standard; 

Fig. 4 is an exploded view showing an appearance of a cable assembly according to 
an embodiment of the present invention; 

Fig. 5 is an exploded view showing, of the two electrical connectors shown in Fig. 
1, the configuration of the electrical connector having an equalizer; 

Fig. 6 is a diagram showing an appearance that a housing 12b is inserted into shells 
and is held by a front shell 12a and a back shell 12c; and 

Fig. 7 is a diagram showing the arrangement of an electrical contact 121b and an 
equalizer substrate 14. 
Detailed Description of the Invention 

The following will describe a cable according to an exemplary embodiment of the 
present invention, as shown in Figs. 4-7. 

The configuration of the cable assembly will be described with reference to an 
example in which a cable assembly compliant with the DVI standard is improved so as to 
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have an electrical connector with an equalizer circuit on one side. The cable compliant 
with the DVI standard can be readily changed to an improved cable assembly compliant 
with HDMI standard. As an example of the same configuration, the configuration of the 
cable assembly will be described with reference to an improved example compliant with 
the DVI standard. 

As shown in Fig. 4, a cable assembly 10 comprises a cable 1 1 having electrical 
connectors 12 and 13 fixed on both ends of the cable 11. 

The electrical connector 12 fixed on one side has an equalizer substrate 14. The 
electrical connector on the other side does not have an equalizer substrate 14. A length L 
of the cable 1 1 is limited but can be set arbitrarily as long as a waveform is ensured by 
waveform equalization. The electrical connector 12 on one side is larger in size than the 
electrical connector 13 on the other side because of the provision of the equalizer substrate 
14. Such a difference in size functions as a visual indicator. In Fig. 4, the larger electrical 
connector 12 is connected to a PDP and the smaller electrical connector 13 is connected to 
a tuner. Further, if the electrical connector on one side is marked with "PDP 11 and the 
electrical connector on the other side with "Tuner", the effect of the visual indicator is 
further enhanced. Thus, even an ordinary home user can correctly connect the tuner and 
the PDP. 

Fig. 5 is an exploded view of the connector 12 of the exemplary cable assembly, 
having the equalizer substrate 14. As shown in Fig. 5, the electrical connector 12 is 
constituted of a front shell 12a, a housing 12b supporting electrical contacts 121b, a back 
shell 12c, the equalizer substrate 14, the cable 1 1, and a cover housing 12d storing the 
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members. The electrical contacts 121b supported by the housing 12b penetrate the 
housing 12b and extend in a longitudinal direction. 

The cover housing 12d is hollowed with a large opening 121d on one end to 
receive the back shell 12c and an opening 122d smaller than the large opening 12 Id on the 
opposite end to receive the cable 1 1 . These openings are used to dispose the members in 
the cover housing 12d. Of the members constituting the electrical connector 12, the back 
shell 12c is paired with the front shell 12a to form a shell holding the housing 12b. The 
housing 12b held by the shell supports the plural electrical contacts 121b, which are 
arranged in three rows, and a contact 122b for grounding. The connector 12, shown in 
Fig. 5 having the equalizer substrate 14, is one of two plug-type electrical connectors 12 
and 13 provided on both ends of the cable. When the plug-type electrical connector 12 is 
mated to the concave part of a receptacle-type electrical connector provided on the PDP, 
electrical conduction is produced. The electrical connector 13 on the other side is also a 
plug-type electrical connector. When the electrical connector 13 is mated to a receptacle- 
type electrical connector fixed on the tuner, the tuner and the PDP are connected to each 
other. 

In this way, when the tuner and the PDP are connected to each other via the cable 
assembly and broadcast radio waves transmitted from a broadcast station are received by 
the tuner, image signals based on broadcast signals are transmitted from the tuner via the 
cable assembly 10 to the PDP. Since the electrical connector 12 provided on the PDP has 
the equalizer substrate 14, even in the event of phase jitter in a signal transmitted from the 
tuner, the phase jitter is removed by the equalizer substrate 14. 
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Referring to the exploded view of Fig. 5, the following will describe the 
configuration of the electrical connector 12 having the equalizer substrate 14 while 
indicating assembling steps. 

First, the cable 1 1 is inserted from the opening 122d provided on the cover housing 
12d. The cable 1 1 has a plurality of wires 1 1 la, 1 1 lb, etc., which are tied together while 
being covered with an outer sheath 1 la provided on the outermost periphery of the cable 
11. The outer sheath 1 la is peeled off to expose the ends of the wires 1 1 la, 1 1 lb, etc., 
and the coatings of the exposed wires 1 1 la, 1 1 lb, etc. are also peeled off. When the 
coatings on the ends of the wires 1 1 la, 1 1 lb, etc. are peeled off and conductors in the 
coatings are exposed, the exposed conductors are soldered on corresponding pads 14a, 
14b, etc. on the ends of the equalizer substrate 14, respectively, as shown in Fig. 5. 

After the conductors of the wires 1 1 la, 1 1 lb, etc. are connected thus to the pads 
14a, 14b, etc. of the equalizer substrate 14, the next step is assembling of the housing 12b. 
The front shell 12a and the back shell 12c of Fig. 5 have through holes 121a and 121c, 
respectively. The housing 12b is inserted into the through holes 121a and 121c. Flanges 
122a and 122c connecting the front shell 12a and the back shell 12c are provided on the 
rear of the front shell 12a and the front of the back shell 12c, respectively. The flanges 
122a and 122c are opposed and connected to each other, so that a shell holding the 
housing 12b is formed. Clasps 121 la to 1214a are provided on four points of the flange 
122a of the front shell 12a. On the flange 121c of the back shell 12c, notches 1211c to 
1214c are provided on four points corresponding to the clasps 121 la to 1214a. Therefore, 
after the housing 12b is inserted into the through holes 121a and 121c, when the flange 
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121a of the front shell 12a and the flange 121c of the back shell 12c are opposed to each 
other and the four clasps 121 la to 1214a are mated with the notches 121 lc to 1214c on the 
four points, respectively, the housing 12b is inserted into the shell and held therein. 

Fig. 6 shows the electrical connector in the assembled state. In Fig. 6 the housing 
12b is inserted into the shell and is held by the front shell 12a and the back shell 12c. On 
the rear of the back shell 12c, electrical contacts 121b are exposed which extend to the 
rear through the through holes 121 d of the back shell 12c. On the side of the front shell 
12a, the contacts 121b are disposed in the front shell 12a. The front shell 12a receives a 
front shell of a mating electrical connector. When a receptacle-type mating electrical 
connector is mated, the front shells are also mated to each other along with the electrical 
contacts. 

After the shells are assembled, the electrical contacts 121b extending to the rear 
through the through holes 121c of the back shell 12c are connected to the pads 141a, 141b, 
etc. of the equalizer substrate 14. Although the electrical connector 13 is configured in a 
like manner to the connector 12, the size of the cover housing is different due to the 
absence of an equalizer and the conductors of the wires in the cable are each directly 
soldered to electrical contacts extending from a back shell. 

As shown in Fig. 7, an electrical contact 121 lb provided uppermost extends over 
the equalizer substrate 14 and is folded on the side of the equalizer substrate 14 around the 
pads to which the electrical contacts are connected. The electrical contact 121 lb having 
been folded on the side of the equalizer substrate 14 is further folded along the equalizer 
substrate 14 on the pads and is disposed on one of the corresponding pads. Electrical 
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contacts 1212b and 1213b other than the uppermost electrical contact 1211b extend 
substantially along the upper surface and the lower surface of the substrate and are 
disposed on the corresponding pads. The electrical contacts 1212b and 1213b are soldered 
on the pads. 

The following will briefly describe an operation of an equalizer circuit mounted on 
the equalizer substrate 14. 

Transmission signals transmitted from the tuner via the cable assembly 10 are each 
inputted to the equalizer circuit mounted on the equalizer substrate 14. The equalizer 
circuit has passive components such as a capacitor, a resistor, and a coil and reduces phase 
jitter superimposed on a transmission signal transmitted from the tuner. The transmission 
signal reduced in phase jitter is transmitted through the pads on the end of the equalizer 
substrate 14 and the electrical contacts 121b to the PDP. The transmission signal includes 
an image signal and a clock signal that are required for displaying a moving image. The 
PDP is fed with an image signal, which has a signal waveform equalized by the equalizer 
and is improved in quality upon transmission from the tuner, and a clock signal. When the 
PDP is driven by using the image signal improved in quality, a high-quality image is 
displayed on the display surface of the PDP. 

In the present embodiment, the electrical connectors 12 and 13 of different sizes 
are fixed on opposite ends of the cable 1 1 to form the cable assembly 10. Since the size 
difference can be visually recognized by the user as a visual indicator, it is possible to 
quickly specify whether the electrical connector should be connected to the PDP or the 
tuner. 
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Therefore, the size difference between the electrical connectors is visually 
recognized by the user as a visual indicator, reducing the possibility of incorrect 
connection. Further, only the size of the cover housing needs to be changed and additional 
connector components are unnecessary, reducing the cost. 

Considering that the cable assembly 10 is used by an ordinary user at home, it is 
desirable to further reduce the possibility of incorrect connection with the tuner or the 
PDP than can be achieved by difference in size of the electrical connectors 12 and 13. 
Hence, in an exemplary embodiment of the invention, the electrical connectors 12 and 13 
fixed on both ends of the cable 10 have the cover housings 12d of different colors to 
prevent incorrect connection, enhancing the visual indicating effect. In this case, it is 
effective to have a mating connector housing of the same color. Even an ordinary user 
always connects one of the electrical connectors of the cable assembly 10 to the PDP or 
the tuner while viewing the cover housing 12d. Therefore, by providing the cover 
housings 12d of different colors, which side of the cable is to be connected can be 
indicated to the ordinary user. In this case, the two cover housings are made of materials 
of different colors. Alternatively, different colors can be promptly acquired with a simple 
method of applying a paint on one of the cover housings. Thus, it is possible to provide an 
inexpensive cable assembly for the user without the necessity for additional components. 

The above explanation described the cable assembly compliant with the DVI 
standard. This example can be readily applied to a cable assembly compliant with the 
HDMI standard. In this case, as shown in Fig. 3, since the plug-type electrical contacts 
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are arranged in two rows, the electrical contacts and the equalizer substrate can be more 
readily connected to each other, further reducing the cost. 

Besides, the cable assembly of the present invention may be applied to connection 
between a set top box used for a cable television and a PDP in addition to connection 
between a PDP and a tuner at home. Further, the cable assembly is also applicable to 
connection between a liquid crystal projector and the main unit of a personal computer. 

As described above, simply by using the size difference of the connectors as a 
visual indicator, the user can properly connect the tuner and the display. When the cover 
housings of the electrical connectors fixed on both ends of the cable are provided with 
different colors, the color difference can be an additional visual indicator. In this case, the 
colors can be readily changed simply by applying a paint. Therefore, the cover housings 
of the electrical connectors are made different in size and color, and the shape, size, or 
color difference of the electrical connectors can be used as a visual indicator. It is not 
necessary to provide additional components preventing incorrect recognition, reducing the 
cost of the cable assembly. 

Additionally, the equalizer circuit may be an active equalizer circuit as well as a 
passive equalizer circuit composed of passive components. The equalizer circuit may be 
directly inserted between the contacts and the cable instead of being formed on the 
equalizer substrate. In this case, the paired connectors can have the same size and the 
cover housings of different colors are effective for identifying the connectors. 
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